. During brain development, Hh is a mitogen for cerebellar granule neuron progenitors and is down regulated after postnatal development (7, 8) . In contrast, more than 30% of human medulloblastoma exhibit high levels of Gli1 expression (9) . Mutations in both Ptch1 and Smo have been identified in human medulloblastoma (10, 11) .
In addition to its roles in embryonic patterning and cancer, the Hh signaling pathway is required for organogenesis such as pancreas formation and angiogenesis. Cyclopamine is one of such compounds that specifically block Hh-signaling pathway through direct interaction with Smo (17, 18) . Effect of oncogenic mutations in Smo and Patched appears reversible by cyclopamine (19) . A small scale clinic study has found that topical treatment with cyclopamine was effective in reducing the size of BCC lesions (20) .
Cyclopamine also causes the regression and apoptosis of human medulloblastomas in murine tumor allograft models (21, 22 (Fig S1, S2 ).
In zebrafish, Shh is expressed primarily in notochord during embryogenesis (Fig 1A) .
We produced stable transgenic zebrafish carrying reporter constructs with 8 Gli binding sites linked to a minimal promoter and GFP. We Using these embryos as a tool, we screened the library mentioned above and identified one compound that could block Gli:GFP expression at approximately 80 µM (Fig 1E) , producing a phenotype visually identical to that of 20 µM cyclopamine treatment.
We named this compound SANT19 for
Smoothened Antagonist (Fig 1I) , which has a structure very similar to SAG but with an ethyl by guest on July 15, 2017
http://www.jbc.org/ Downloaded from group on the terminal nitrogen. Under the same condition, embryos treated by SAG had no effect on Gli:GFP expression (Fig 1H) . This finding suggests that SAG derivatives with Nalkyl substituents larger than a methyl group might exhibit significant inhibitory activity.
Based on this speculation, a second library containing 13 compounds was synthesized to explore the size and electric effect of the substituted group (Fig S3) .
Further screening of this new library identified two additional compounds that were able to abolish Gli:GFP expression in the zebrafish embryo assays at 20 µM (Fig 1F and   G) . We named these two compounds SANT74
and SANT75, respectively (Fig 1I) . In this transgenic zebrafish assay, action of SANT74
and SANT75 is dose-dependent, with an observable inhibition of Gli:GFP at 5 µM ( Fig   S4) and induction of strong embryonic structural abnormality at 40 µM or above (data not shown).
Compared to SAG, SANT74 and SANT75 have propyl and allyl substitution, which are larger in size than methyl substitution but with similar electric effect (Fig 1I) .
Characterization of SANT74 and SANT75 in zebrafish
Genetic studies have demonstrated that (Fig 2 P to T) . This transgenic fish also showed some motor neurons labeled by GFP.
The embryos treated with SANT74 SANT75
and cyclopamine lacked this expression in marked motor neurons compared to embryos treated with DMSO and SAG (Fig 2 P to T) , which is consistent with that Hh signaling is required for motor neuron development (31).
The expression of Axin2, a Wnt signaling protein and target gene, is further detected by real-time PCR and the data showed no changes between embryos treated with 20 µM SANT74
and DMSO (Fig S5 C) . These studies suggest that SANT74 and SANT75 have no obvious off- were reduced by SANT74 and SANT75 in a dose dependent manner (Fig S5 A and B , only SANT74 is shown ).
Characterization of SANT74 and SANT75 in mammalian cells
The data listed above demonstrated that However, when bulky groups, such as ─CH 2 CH 2 CH 2 CH 3 and ─CH 2 Ph, were employed as the substitutions, no activity was observed, presumably because the steric hindrance of those bulky groups prevents them from binding to their target (Fig. S3 and Table S1 ). by guest on July 15, 2017 
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